A child with ambiguous genitalia, brought up phenotypically male, had a 46,XX/46, XY karyotype. At laparotomy, he had a left sided ovary and uterus, and a right sided scrotal testis. The 46,XX line made up 50% ofcells in the blood and 90% ofcells in a skin biopsy. There were no cytogenetic polymorphisms. Analysis of lymphocyte DNA with seven polymorphic DNA markers showed him to be chimaeric, with four, three, and two parental alleles at different loci. He had one paternal and one maternal X chromosome at the marker DXS1053. Based on our data, we would suggest that chimaerism arose as a result ofpostzygotic fusion of two embryos. We have shown by DNA polymorphisms the presence of autosomal chimaerism in a case of sex chromosome chimaerism, and indicated the usefulness of DNA polymorphisms in determining the origin of chimaerism.
An 18 month old child presented to the genetics clinic. He had been born at term with ambiguous genitalia, after an uneventful pregnancy, and it was decided to bring him up phenotypically male. He had a rudimentary phallus, with penoscrotal hypospadias and chordee ( fig 1) . His right gonad was palpable in the inguinal canal, but no left gonad was palpable. He had a linear area of pigmentation from umbilicus to genitalia. General physical examination was otherwise normal.
Peripheral blood karyotype at birth showed two cell lines of 46,XX/46,XY at a ratio of approximately 50%. Laparotomy performed at the age of 18 months showed a left ovary and fallopian tube, which were removed. The right gonad was biopsied and shown histologically to be normal testis. Karyotype of a skin biopsy showed a ratio of 83% in favour of the 46,XX cell line.
Parental karyotypes were normal and no cytogenetic polymorphisms were seen in either parent. Analysis of peripheral leucocyte DNA from the child and his parents was performed using seven highly informative polymorphic DNA markers. Analysis of the microsatellite markers tyrosine hydroxylase (TH) and phenylalanine hydroxylase (PAH) showed that the child had inherited both maternal alleles (see fig 2) . As the father was homozygous for both markers, it was not possible to say whether the child had inherited one or two paternal alleles for these two loci. PCR analysis of the VNTR D4S95 showed that the child had inherited all four of his parents' alleles for this marker. On the assumption of a low marker recombination rate, we were able to postulate the mechanism of development of the chimaera. We could exclude the fusion of an embryo with a diploid oocyte as a cause of chimaerism by showing the presence of two paternal sex chromosomes, a paternal X chromosome using the marker DXS1053, and a paternal Y chromosome cytogenetically. The presence of one of two maternal X chromosomes would be consistent with any of the other three possible mechanisms of formation of a chimaera. On the assumption of a low recombination rate, a chimaera arising from the fertilisation of an ovum and polar body by two separate sperm would indicate the presence of either both maternal alleles at every marker, for a polar body from meiosis I, or only one maternal allele at every marker, for a polar body from meiosis II. As we have shown the presence of one of two maternal alleles for four DNA markers, and both maternal alleles for three DNA markers, this mechanism is unlikely. The fusion of a diploid sperm with an embryo would require the presence of both paternal alleles for every marker, in the absence of recombination. We have shown the presence in the chimaera of both paternal alleles for two DNA markers, and only one of two alleles for two other DNA markers. This makes a mechanism involving a diploid sperm unlikely. We are therefore left with the fourth mechanism of postzygotic fusion of two distinct embryos, one XY and the other XX, as the most likely cause of the chimaera. Our data from DNA marker analysis would be entirely consistent with this interpretation.
Chimaerism usually presents in the context of sex chromosome chimaerism with genital abnormalities, and has been shown by chimaerism for blood groups, protein polymorphisms, HLA serotypes, and cytogenetic polymorphisms.'3 White cell chimaerism has been described after bone marrow or liver transplantation, detected by the use of protein and DNA polymorphisms. Red blood cell and occasionally white cell sex chimaerism has aiso been shown serologically in twins owing to exchange of bone marrow precursors in utero. In these cases, chimaerism has been confined to cells of bone marrow origin. 4 The true extent of chimaerism, and the mechanisms by which this may occur, is difficult to estimate, as XX!XX and XY/XY chimaeras may not be ascertained, except by the incidental finding of more than two blood group or HLA protein polymorphisms.S The use of DNA markers with very high levels of polymorphism can play a role in the detection of autosomal chimaerism and in analysing the mechanisms of chimaerism.
We have used polymorphic DNA markers to show autosomal chimaerism in the case of a child with sex chimaerism, and emphasise the usefulness of such markers in the detection of chimaerism. From our analysis, we would suggest that chimaerism in this case is the result of postzygotic fusion of two distinct embryos.
